The Dan gene was first identified as the putative rat tumor suppressor gene and encodes a protein structurally related to Cerberus and Gremlin in vertebrates. Xenopus DAN, as with Cerberus and Gremlin, was demonstrated to block bone morphogenetic protein (BMP) signaling by binding BMPs, and to be capable of inducing additional anterior structures by ectopic overexpression in Xenopus embryos. DAN, thus, is suggested to play pivotal roles in early patterning and subsequent organ development, as in the case of other BMP antagonists. In this report, we isolated the chicken counterpart of Dan. Chicken Dan is mainly expressed in the cephalic and somitic mesoderm and several placodes during organ development. q
Results and discussion
Several chicken cDNA clones structurally related to the mouse Dan gene were isolated and designated as chicken Dan (cDan). Nucleotide sequence analysis of two overlapping cDNA clones revealed an open reading frame coding 177 amino acid residues (Fig. 1A ) Sakiyama, 1993, 1994) . The deduced amino acid sequence of the cDAN protein exhibited 81, 77, 77 and 70% homologies to rat, mouse, human and frog DAN counterparts, respectively ( Fig. 1A) (Enomoto et al., 1994; Ozaki et al., 1996; Pearce et al., 1999) . The region previously identified as the can domain (amino acids (aa) 34-119), which resembles the cysteine knot motif, showed 25 and 27% identities to chicken Cerberus and Gremlin, respectively (Fig. 1B) (Ozaki et al., 1996; Hsu et al., 1998; Stanley et al., 1998; Pearce et al., 1999; Zhu et al., 1999; De Robertis et al., 2001) .
In Hamilton-Humburger (HH) stage 6 embryos, cDan expression demarcates the prospective paraxial mesoderm region as indicated by arrowheads ( Fig. 2A) . In HH stage 8 and 9 embryos, apparent signal of expression of cDan was seen in the head mesenchyme, somitic mesoderm and notochord (Fig. 2B,C) . In HH stage 9 embryos, enhanced signal of cDan expression was observed in the presumptive otic vesicles as indicated by an arrowhead (Fig. 2C) . In HH stage 13 embryos, cDan was intensely expressed in the otic vesicle, somitic mesoderm and notochord ( Fig. 2D-F) . A section through the cranial region reveals the expression of cDan in the surface ectoderm, head mesenchyme, optic cups, roof plate of the forebrain and notochord (Fig. 2E ). In the paraxial mesoderm, cDan expression was first seen in the cranial region of the presomitic mesoderm. In the somitic mesoderm, it was expressed in the entire somite before de-epithelialization, and subsequently in the dermomyotome ( Fig. 2G-I ). In the caudal region, cDan expression was restricted to the notochord, paraxial mesoderm and endoderm ( Fig. 2H-J) . At the level of Hensen's node, the signal was seen weakly in the lateral plate mesoderm and endoderm (Fig. 2J) .
In E3 embryos (HH stage 19), cDan was intensively expressed in the optic cup, otic vesicle and somitic mesoderm. The signal in the somitic mesoderm in the inter-limb region was significantly lower than their anterior and posterior somitic mesoderm (Fig. 3A,C) . The signal in the optic cup was stronger in the ventral region of the presumptive neural layer of the retina. cDan was also expressed in the mesenchymal cells surrounding the optic cup and the surface ectoderm overlying the lens vesicle (Fig. 3D,E) . A section through the entrance to the Rathoke's pouch revealed the expression of cDan in its dorsal wall (Fig.  3E ). In the otic vesicle, cDan expression was restricted to the medial wall (Fig. 3F) . The section through a region around the 15th somite revealed cDan expression in the Fig. 3G and unpublished observations) . The signal of cDan expression was also seen intensely in the mesonephric ducts and tubules (Fig. 3G-J) . In the somatopleure and limb buds, cDan was expressed in the surface ectoderm and mesenchymal cells immediately beneath the surface ectoderm (Fig. 3G-J) . In the somitic mesoderm, cDan was expressed intensely in the dermomyotome as well as the lateral sclerotome (Fig. 3G-J) . Expression in the notochord was seen in the caudal region but not in the cranial or trunk region at this stage (Fig. 3J) .
In E4 embryos (HH stage 24), cDan expression in the cranial region was similar to that seen in E3 embryos (Fig. 3K,O,Q) . In the somitic mesoderm, cDan expression was strongly observed in the myotome (Fig. 3Q ,R,T,U). In the limb buds, cDan expression was predominantly seen in the anterior region of the fore-and hindlimb buds (Fig.  3M,N) . Sections revealed intense signal of cDan expression Higher magnification views of the fore-and hindlimb buds which are indicated by the boxes in R and U, respectively. tel, telencephalic ventricle; 3rd, 3rd ventricle; 4th, 4th ventricle; ra, Rathoke's pouch; ot, otic vesicle; fo, foregut cavity; nt, neural tube; da, dorsal aorta; co, coelomic cavity; st, presumptive stomach; fl, forelimb bud; hl, hindlimb bud; es, presumptive esophagus; lu, presumptive lung; aer, apical ectodermal ridge. Scale bars: 100 mm.
in the surface ectoderm and mesenchymal cells underlying the surface ectoderm while low signal in apical ectodermal ridge (Fig. 3R ,S,U,V).
Materials and methods

cDNA isolation
For the isolation of cDan cDNA, a stage 22 chick cDNA library in l-ZapII (kindly provided by Drs. A. Burke and C. Tabin, Harvard Medical School, Cambridge, MA) was screened using a full-length mouse Dan cDNA as a probe (Ozaki et al., 1996) . The GenBank accession number of cDan is AB044337.
RNA in situ hybridization
Whole-mount in situ hybridization was performed according to the procedure described previously (Wilkinson, 1992) . Selected specimens were embedded in paraffin wax and sectioned at 7 mm. Sections were counter-stained weakly by eosin to facilitate histological examinations.
